Introduction
The decline of marital fertility and family size during the first demographic transition (FDT) in Germany has been seen primarily as a result of the appearance and spread of efforts to limit family size (e.g., Cleland and Wilson1987; Knodel 1977 Knodel , 1988 . It is also widely held that marital couples did not deliberately limit their family size before the transition (e.g., Knodel 1987 Knodel , 1988 Henry 1961) , nor did they significantly control their fertility in any other way, such as by deliberately spacing births (Coale 1973; Knodel 1987) . In addition, the limitation in family size over the course of the transition has not been viewed primarily as a result of the families' adjusting to changing socioeconomic conditions (Coale and Watkins 1986) . This view implies that, even before the transition, differences in family fertility were not a result of their facing new socioeconomic conditions but a result of differences in longstanding norms and traditions, such as those related to breastfeeding and gender preference. Nevertheless, several recent studies have pointed to the presence of deliberate nonparity-specific birth control (e.g., David and Sanderson 1986; Crafts 1989; Haines 1989; Bean, Mineau, and Anderton 1990; Morgan 1991; Szreter1996; Van Bavel 2004a; Alter et al. 2007 ) and fertility response to changing socio-economic conditions (e.g., Schultz 1985; Brown and Guinnane 2002; Dribe and Scalone 2010) , even in populations largely viewed as "natural fertility" populations. These studies used various strategies to detect these effects in the limited demographic and socio-economic information contained in the historical datasets. Several studies used the effects of the survival status of infants and children (e.g., Knodel 1987; David and Mroz 1989; Van Bavel 2004a) and family size (Van Bavel 2004b) on the length of the subsequent birth intervals to detect deliberate spacing behaviour. The main difficulty in these studies lay in separating biological/physiological effects from the behavioural (replacement and insurance) effects of child death. More recent studies (Bengtsson and Dribe2006; Dribe and Scalone 2010) examined the effect of economic stress (proxied by grain prices) on the length of inter-birth intervals and argued that postponement of births soon after a price increase was likely caused by the family's deliberate action (or "individual agency") to avoid having children in hard times, rather than by a non-deliberate response (malnutrition, spousal separation, induced or spontaneous abortions), which usually comes with a considerable lag. While this literature has pointed to the presence of deliberate non-parity-specific fertility control in pre-transitional populations, less focus has been given to the timing of the deliberate fertility control. Furthermore, the response of fertility to economic stress has been studied exclusively through examinations of the response to local economic conditions (grain prices) (Bengtsson and Dribe 2006; Dribe and Scalone 2010) because researchers tend to believe that local economic conditions are the most salient and proximate predictors of local life events (Alter et al. 2004) . However, studies in the economics literature have argued that local prices and wages might be endogenous to fertility because prices and wages reflect the local labour supply, which is a function of fertility (Schultz 1985) . Therefore it is important to focus on the exogenous variations in local economic conditions in order to establish their causal effect on fertility.
This paper adopts a micro-level event history approach to studying deliberate response to the survival status of children and short-term economic stress. Our aim is to detect the evolutionary pace of deliberate non-parity-specific birth control, as reflected in the varying degrees of these effects over time. We pursue this aim by comparing the effects of child mortality at different ages and the price of rye on the probability of second and subsequent births among three marriage cohorts (1700-1799, 1800-1849, 1850-1900) , after controlling for socioeconomic status and some demographic variables. We use variation in the local price of rye predicted by the price variation in the non-local rye markets to establish the causal effect of short-term economic stress on fertility.
Our analysis uses demographic and occupational data from the fourteen German village genealogies (Knodel 1988) and price data taken from towns located near the villages and from the rest of Germany (Jacks 2005) . These villages cover four areas of Germany: the north, the middle, the south-east and the south-west. To the best of our knowledge this study is the first to addresses the issue of the timing of emergence and evolution of non-parity-specific birth control before the first demographic transition in Germany, using child mortality indicators and plausibly exogenous measures of shortterm economic stress.
The next section provides an analytical framework, and the subsequent section describes the study area, the data, and the methods used. After that we present our empirical results, followed by a concluding discussion.
Analytical framework
John Knodel summarized the demographic behaviour and socio-economic conditions in the fourteen villages under study in his 1988 book, Demographic Behavior in the Past. Using a sample of fourteen German villages in the 18th and 19th centuries, Knodel (1987, pp. 143-162) found that deliberate stopping behaviour was minimal in the marital cohorts during the natural fertility period (prior to the late 19th century), while the initial stage of the fertility transition was characterized by the introduction of family-size limitation through stopping behaviour. He concluded that "deliberate stopping was the major behavioural mode through which marital fertility came under volitional control and is the major feature of reproductive change during the initial phases of the fertility transition [in Germany]" (Knodel 1987, p. 157) . Knodel (1987) also concluded that "at least during the initial phases of the transition from natural to controlled fertility, couples did not resort to lengthening intervals between births …. It seems safe to conclude that spacing was not an important part of the early stage of fertility transition in rural Germany." While this point of view has been challenged by more recent studies that found evidence of non-parity-specific birth control, the question remains whether non-parity-specific birth control was uniformly practiced by women at all times before the demographic transition or if it gradually evolved into an early form of fertility control. The general strategy we employ to answer this question is to compare the extent of non-parity-specific birth control across marital cohorts of women in the periods 1700-1799, 1800-1849, and 1850-1900.
As a first measure of non-parity-specific birth control we consider a set of child mortality indicators that approximate and separate the biological/physiological breastfeeding effect from the behavioural (replacement and insurance) effects of the death of children younger than age two and older than age two. Since breastfeeding delays the return of ovulation and postpones the next birth, the effect of breastfeeding on fertility can be detected by looking at the effect of the death of children under age two on the probability of another birth. To detect replacement and insurance effects, coefficients on the indicator variables for the death of children older than age two can be compared. Our main hypothesis is that, after controlling for the biological effect of breastfeeding, the replacement/insurance effect is greater for later marital cohorts than for earlier marital cohorts. Evidence in favour of this hypothesis supports the claim that marital couples started to control fertility in "natural fertility" populations, and it reveals the evolutionary pace of deliberate fertility control before the FDT.
There is ample evidence of the biological effect of breastfeeding on the spacing of births in historical populations. Knodel (1968) used family history data from records of three parishes in Bavaria and found that breastfeeding exerted substantial influence on fertility and that it was associated with longer intervals between births. Knodel and Van de Walle (1967) used information from three German states and found large regional variations in breastfeeding among the rural and the urban populations in the late 19th century. However, breastfeeding failed to account for the variations in marital fertility in those data. While the data did not support the hypothesis that infant mortality was only indirectly associated with fertility by way of lactation, the evidence suggested the possibility of either family planning or other behaviour that adjusted fertility in response to the level of infant mortality. In another paper (1982, pp. 177-200) Knodel studied the replacement effect associated with the death of a child before and at the time of the demographic transition in Germany and found no decisive answer to the question concerning whether replacement behaviour prevailed during the natural fertility regime: "While the relationship between previous child mortality and subsequent fertility for the cohorts with natural fertility was not very pronounced and could in part have been caused by imprecision in the control variables as well as biases due to variables not taken into account, it seems unlikely that the entire effect could be explained in this manner. If family limitation was being practiced during the pre-transitional period, it appears only in some villages and not others and that even when it was present, it probably was not very extensive, judging the lack of a stronger replacement response and the generally late age at which women ceased childbearing even when their previous children all survived." (Knodel 1982, p. 199) .
However, after the start of the demographic transition in Germany (around 1885), efforts to replace children who had died became evident. According to Knodel, couples with the least child mortality experience were most likely to limit their families and reduce their fertility. A high level of child mortality seems to have at least impeded, if not prevented, efforts to reduce the number of children born or to cease childbearing at an early age or at a given parity.
As a second measure of non-parity-specific fertility control, we consider the effect of exposure to short-term food price shocks. Significant fertility response to temporary fluctuations in economic conditions (such as food prices and wages) in pre-transitional populations has been previously documented in aggregate studies (e.g., Lee 1981; Galloway 1988; Hammel and Galloway 2000) and in micro-level studies (e.g., Dribe 2006, 2010; Dribe and Scalone 2010) . The following discussion, which focuses on the role of food prices, draws from Bengtsson and Dribe (2006) , Scalone (2010), and Schultz (1985) .
We consider the effect of exposure to short-term food price shocks within the general conceptual framework of fertility developed by Davis and Blake (1956) and Bongaarts (1978) , where fertility is affected by a set of proximate determinants that have an immediate effect on reproduction. These determinants can be grouped into exposure factors (e.g., nuptiality, spousal separation), deliberate actions (e.g., contraception, induced abortion), and physiological factors (e.g., post-partum amenorrhea, sterility, spontaneous abortion). In addition, fertility can be affected indirectly by various socioeconomic, environmental, and cultural factors via their effects on the proximate determinants.
Fertility can be affected by food prices in at least three ways. 3 First, the economic hardship entailed in high food prices may unintentionally influence conceptions by forcing husbands to migrate in search of work opportunities, leading to a temporarily lower probability of conceptions because of spousal separation. In particular, as Dribe and Scalone (2010) argued, workers who were not hired on annual contracts could have migrated in search of work shortly after the harvest, which would have depressed the conceptions for as long as the absence lasted. In addition, if workers foresaw bad times, the migration could have happened even before the harvest, depressing conceptions even earlier. For example, prior to 1700 thousands of poor peasants migrated every summer from north-west Germany to Holland to help with the hay harvest (Hochstadt 1981 (Hochstadt , 1983 Knodel 1988 ; as referenced in Dribe and Scalone 2010) . However, as Dribe and Scalone (2010) argued, in a grain-producing economy like that of the German areas under study, most farm labourers were expected to stay home until all the crops had been harvested because the work was usually available locally, even in bad economic times.
The second way in which fertility can be affected by food prices occurs when couples deliberately control childbearing via induced abortion, contraception (e.g., coitus interruptus), or abstinence, until the economic situation improves. There is some evidence that induced abortion was used to control fertility in Europe before the 20th century (e.g., McLaren 1990; Hammel and Galloway 2000) , and less evidence that married women used abortion (Van de Walle 1999) . This response to high food prices seems straightforward, as there was widespread awareness of contraceptive methods (e.g., McLaren 1990; Santow 1995) , and people could predict local harvest outcomes and form at least a rough idea about food price developments as early as spring-long before harvested crops were stored in the barns and the new grain price was determined. (See the discussion in Dribe and Scalone (2010) .) Therefore a deliberate response could have started as early as the high food prices could be predicted and end as late as when the prices dropped.
Third, temporarily higher food prices may indirectly impair fecundity via malnutrition and exposure to disease (e.g., from switching to low-quality grain usually fed to the cattle). A distinction between the second (direct) and the third (indirect) ways that high food prices affect fertility is that, unlike indirect channels, which influence conceptions and pregnancies after food becomes scarce through cessation of ovulation, loss of libido, reduced sperm production, and spontaneous abortions, the direct channels may depress conceptions even before food becomes scarce. As Dribe and Scalone (2010) argued, because food shortages in rural areas are most severe in the spring, malnutrition is likely to affect conceptions no sooner than six months after the grain price goes up on October 1. In addition, because the risk of foetal loss is highest during the first trimester of pregnancy (Wood 1994) , pregnancies tend to be spontaneously aborted no sooner than three months after the price change. Therefore, an examination of the conceptions that occurred before and shortly after the food prices were determined on October 1 is likely to separate the direct from the indirect effects of high grain prices on conceptions. A significant reduction in conceptions nine months before to three months after the price change would signify that families could predict bad economic times and could take active steps to deal with the stress by deliberately adjusting the timing of conceptions.
Previous studies of the fertility response to rising food prices relied heavily on the local prices of grains. However, in order to argue that the change in the food price 'caused' the change in fertility, the price change must come from outside the family or household sector. It is possible that the local grain prices were partly influenced by the local agricultural labour demand and labour supply conditions, as well as by the agricultural conditions elsewhere in Europe and the opportunity to ship the grain in and out of the area easily in response to the German and international market conditions. This explanation seems more plausible in pre-industrial than in industrial societies, because the lack of railroads and improved roads meant the grain markets were not fully integrated and shipping was costly.
The problem of the endogeneity of local grain prices can be illustrated in the context of local agricultural labour markets. Local agricultural labour supply and labour demand conditions indirectly influence fertility via their effect on the local grain prices. An issue arises in the estimation of the effect of grain prices on fertility because both the labour supply and fertility may have been simultaneously influenced by household decisions, such as the timing of weaning. On the one hand, earlier weaning allows the woman to increase her contribution to the local labour supply, which leads to a lower local grain price. On the other hand, earlier weaning results in higher fertility by reducing the period of lactational amenorrhea, creating a spurious negative correlation between the local grain price and fertility that has nothing to do with the direct effect of the local grain price on fertility. Alternatively, a spurious positive correlation between the local grain price and fertility would arise if more time spent by a woman in the labour market leads to reduced spousal contact at home. The agricultural labour demand also affects the price of grain by influencing the wages of agricultural workers, who are the main input in the production of grain. However, this effect does not pose an issue in estimating the fertility equation because demand for labour comes from the employer's side, so it is unlikely to be correlated with the household's fertility choices. As Schultz (1985) described in the context of female and male wages and female and male participation in the labour force, the problem of estimating the fertility response to fluctuations in the local grain price can be viewed as a statistical or endogeneity problem: the error term in the fertility equation will be correlated with the error term in the equation for the local labour supply. (See the Technical Appendix for details.)In this paper the aggregate nationwide price of grain, , is used as a source of exogenous variation in the local price of grain, , in order to obtain consistent estimates of the effect of grain prices on fertility. 
Study area and the emergence of family limitation in Germany
The fourteen villages included in the analysis represent a wide variety of demographic and geographic conditions, as they cover the north (Middels, Werdum), the centre (Braunsen, Höringhausen, Massenhausen, Vasbeck), the south-west (Öschelbronn, Grafenhausen, Herbolzheim, Kappel, Rust), and the south-east (Gabelbach, Anhausen, Kreuth) of Germany (see Map). The predominant economic activity in these villages during the period under study was agriculture, but the economy of the five southwestern villages was also supported by fishing, since these villages were located in the southern region of Baden, close to the river Rhine. Before the channels were built flooding frequently destroyed harvests, resulting in food crises and hunger (Knodel 1988) . Migration was also common during the period under study, as the growing population relied on scarce resources and often had to look for new economic opportunities. Economic inequality and differences in socio-economic status were marked during this period because most of the land was owned by a few wealthy farmers.
In a series of studies from a long-term research project (Knodel 1977 (Knodel , 1978 (Knodel , 1987 , Knodel used traditional demographic techniques to study the transition from natural fertility to family limitation (parity-specific control) in these villages. Knodel found that, while the total marital fertility rate over age twenty was above 8.5, there was also a considerable variation in the marital fertility across the villages. For example, the Middels in East Friesland had the lowest levels of marital fertility (a Coale index of 0.6 in 1800-1924), and the Bavarian villages had the highest levels (an index of 0.9 in 1800-1924). Knodel suggested that the differences in the marital fertility rates were likely connected to differences in breastfeeding, which was widely practiced in Middels but almost absent in the Bavarian villages (Knodel 1988 ).
Knodel also provided evidence that family limitation (parity-specific control) was largely absent in these populations until the second half of the 19th century. Moreover, before 1850 marital fertility schedules conformed to the expected age pattern of natural fertility as demonstrated by Coale-Trussel (Coale and Trussel1974, 1978 )m values of no more than 0.2. While the M index was gradually increasing among younger married women, the age at last birth remained high in all villages (generally around forty, which was similar to that of other European natural fertility populations) and was unlikely to have been influenced by previous infant and child mortality (Knodel 1988) .In addition, socio-economic differences in the average fertility levels within villages were less pronounced than were those differences between villages (Knodel 1988) .
Knodel characterized the onset of deliberate family limitation solely in terms of deliberate stopping of births-that is, as a decrease in the female's age at last birth. Using data from fourteen villages in different regions of Germany, Knodel found that the decline in fertility in Germany began during the last fifteen years of the 19thcentury: Coale-Trussel's m value exceeded 0.2 for the marriage cohorts of 1850-1874 (Knodel, 1988, table 10 .2). More recently, Dribe and Scalone (2010) relied on evidence related to the effect of short-term economic stress on fertility to argue that deliberate non-parityspecific birth control was practiced even before families started to limit the number of births. In addition, by relying on proto-statistical information on mortality from a sample of German parish registers in Germany from1730-1840, Pfister and Fertig (2010) found that the early onset of secular decline in mortality as part of the FDT dates back to the second half of the 18th century:
"Germany experienced a strong rise of the life expectancy between the end of the Seven Years' War (1756-1763) and c. 1830….The strong increase of life expectancy coupled with the stability or a moderate rise of fertility implied the move from a pattern characteristic of Ancien Régime France to a demographic terrain similar to England's before, and after, the early phase of the Industrial Revolution (the latter itself being associated with a fertility boom)." (Pfister and Fertig 2010, p. 54) .
Map: Geographical location of the used demographic data and the price series
Source: Historic German villages used in Knodel (1988) , authors' drawing on the modern map of Germany.
Data and methods
We study fertility behaviour based on family reconstitution data for a sample of fourteen German villages (also called Ortssippenbücher, or "book of local kinsmen") in the period 1700-1900. Information that is available in the original study includes birth dates and birth places, number of siblings, marital histories, births and deaths of children, religion, family origin, and occupation. All of the vital events of all the families that were registered in the village parish registers are recorded in the dataset. All marriages, separations, children's births and deaths can be connected to mothers, allowing full fertility histories to be analysed. The current study includes all fourteen of the villages that Knodel originally used (i.e., Werdum, Middels, Brausen, Höringhausen, Massenhausen, Vasbeck, Öschelbronn, Grafenhausen, Herbolzheim, Kappel, Rust, Gabelbach, Anhausen, and Kreuth). However, the dataset has limitations because data on couples is collected only if the date of marriage is known, and the dates of birth and death of one or both spouses are missing in many cases. (A missing date of death makes it impossible to determine the end of a woman's reproductive history.) Knodel defined a set of restrictions by which to select a sub-sample of individuals for whom information was complete (Knodel 1988, p. 464) . For the purpose of event history analysis, the information in the original dataset was reshaped in a longitudinal form. Instead of using only closed birth intervals, we included all birth histories and censored the last open interval at five years in order to include all women in the analysis, not only those for whom the full reproductive history is observed. Treating multiple births as a singular childbirth, we used the reconstituted reproductive life histories of 10,896 women married between 1700 and 1900 who had among them more than 40,000 births in these marriages. We selected the first marital cohort as 1700-1799 (100 years) and the last two marital cohorts as 1800-1849 and 1850-1900 (50 years each) so each cohort had an approximately equal number of observations on births. This approach ensured that there was comparable statistical power for the estimated effects from the three (Table 2 ). In addition, breaking the period 1800-1900 into fifty-year intervals allowed us to focus on the evolution of the replacement effect just before and at the beginning of the demographic transition in Germany, which began around 1885. Table 1 shows the distributions of women and births in the fourteen villages for the cohorts under study.
Price series
Following the analysis in Dribe and Scalone (2010) , we used fluctuations in rye prices as a measure of the impact of short-term economic stress on the inter-birth intervals.
Rye accounted for a significant proportion of agricultural production and consumption of the working population in Germany (Friedmann 1978; Ashley, 1921) and made up a significant proportion of labourers' wages during the pre-industrial period (Hagen 1986) .
We used prices from four areas of Germany to construct local and aggregate price series (see Map).
4 Consistent rye price series for all four areas were available only for the period 1764-1863. We used prices from Emden for the northern villages of Middels and Werdum, and since there were some gaps in Emden's price series (1764-1770, 1807-1809), we used the closest towns with available price series, Lüneburg and Stade, to supplement the series. Prices from Göttingen, which were available for the entire period, were used for the villages in central Germany (Braunsen, Höringhausen, Massenhausen, Vasbeck); prices from Heilbronn were assigned to the south-western villages (Öschelbronn, Grafenhausen, Herbolzheim, Kappel, Rust); and prices from Munich were used for the south-eastern villages (Gabelbach, Anhausen, Kreuth). Since the prices from Heilbronn were available only until 1832 and the prices from Munich were available only until 1855, they were supplemented with prices from Göttingen. Price series were merged to women's birth histories by harvest year, which ran from October 1 of the previous calendar year to September 30 of the current calendar year. For example, for a woman who is at risk of giving a birth between 1 October, 1817 and 30 September, 1818, we used the price determined on 1 October, 1817. In other words, our empirical model uses the price from 1 October, 1817 to predict the probability of conceptions that could have happened nine months before birth, between 1 January and 31 December, 1817. This approach is the same as that in Dribe and Scalone (2010) , who argued that the presence of a significant contemporaneous response of births to the current rye price (i.e., from the current harvest year, between 1 October and 30 September) is evidence of deliberate fertility control.
We constructed two types of price series for each area: local prices based on the price in the nearby town, and aggregate prices. The aggregate price for a given area was computed as the average price of all areas excluding the area in question. The map shows the four areas for which we computed prices. Price series were further de-trended using the Hodrick-Prescott filter (Hodrick and Prescott 1997) with a smoothing parameter of 6.25 by subtracting the trend value from the actual price in each year. Subtracting the trend value allows us to focus on the short-term fluctuations around the 4 Price series used in Jacks (2004 Jacks ( , 2005 (Easton 1908) and The Universal Cambist (Kelly 1831) were used as references for these conversions.
http://www.demographic-research.org 519 trend by ignoring the medium-term movements in price levels. Figure 1 plots these local and aggregate (excluding a given local) price residuals. We also transformed the prices into natural logs to make the estimates easier to interpret. According to Wooldridge (2006) , using natural logs leads to coefficients with appealing interpretations (in our case, as the reaction of the relative risk of conception to a 1% change in price). In addition, logs allow us to be ignorant about the units of measurement of the prices that appear in logarithmic form because the slope coefficients are invariant to rescaling. Moreover, taking logs can narrow the range of the variable, which makes estimates less sensitive to extreme observations on prices. Therefore, the covariate used in the even-history analysis is the difference between the natural logarithm of the actual price and the natural logarithm of the corresponding price on the trend line. 
Model
We follow Bengtsson and Dribe (2006) and Dribe and Scalone (2010) in modelling the time to the next birth as a function of demographic and socioeconomic variables, with the rye price residuals and child death indicators as our variables of interest. We follow married women from the date of first birth, so that no birth histories are left truncated. Our analysis is limited to the second and subsequent births because first births are intimately connected with the marriage decisions (Knodel 1988: 228) . We include all birth histories and censor the last open interval at five years in order to avoid sample selection. We estimate Cox proportional hazards model with shared frailty:
where h is the hazard of woman 's conceiving (the time of the next birth minus assumed nine months' gestation time)a child of parity i at duration c (measured since last birth) at calendar time
is the baseline hazard-that is, the hazard function when the coefficients on all covariates are fixed at zero; and
β is the vector of parameters for the individual covariates in the model. Individual covariates are the age of the woman, the number of children in the marriage, multiple births, the sex of the preceding child, the village of residence, and the husband's occupation. These control variables are not the main focus of our analysis, but they all capture important aspects of the reproductive process. Dummies for the woman's age are included in order to control for the differences in the risk of childbirth and fecundity at different ages. The number of legitimate births is included in order to control for possible differences in fecundity and breastfeeding habits among families. The indicators for multiple births and the gender of the preceding child capture shocks to the number and composition of the children in a family, which may affect the family's willingness to have the next child. Regional dummies at the village level are intended to capture known differences in breastfeeding practices in different parts of Germany (Knodel 1967; 1968) , and measures of the husband's occupation are included to control for differences in socioeconomic status among families. Categories for the husband's occupation, which is measured at marriage and is time-invariant, include farmer, white-collar worker, skilled worker, unskilled worker, and missing/unknown. The parameter ij X γ measures the effect of prices and indicator variables for the life status of the previous child ( Z , which change values with calendar time ) (t t ). j μ is a woman-specific random effect (frailty), which is shared across all observations for the same woman and is assumed to follow a Normal distribution. Controlling for frailty accounts for random womanspecific differences in the childbirth risk that are due to behavioural and biological factors not controlled for by the variables included in the model. The end of the reproductive history is marked by the woman's death, the husband's death, the woman's reaching age fifty, the next marriage, or divorce: whichever is earliest. Since breastfeeding was usually terminated after the first two years, it is possible to separate the biological effect of breastfeeding from the replacement effect by examining the difference between the indicators for a child's death before and after age two. (See the discussion in Knodel 1988: 396.) In order to detect the behavioural effect of replacing the dead child, we introduce the indicator variables of infant died, child 1-2 years old died, child 2-3 years old died, and child 3 years old and older died. In order to measure the insurance effect, we use an indicator for death of the child born immediately before the index child (born at the start of the current between-births interval) before reaching age 9. The values of these indicators were set to 1 from the moment of the death of an infant or a child. Our interest lies primarily in using these indicators to test the following hypothesis: after controlling for the death of infant or child (0-2 years old), the effect of child (>2 years old) mortality on the risk of progression to the next birth increases over time.
Results
The distributions of married women and births across the fourteen villages during the period from 1700 to 1900 are displayed in Table 1 . South-western villages contributed most of the observations to the analysis, while south-eastern villages contributed the least observations. We first explore the changes in non-parity-specific birth control by looking at the coefficients on child mortality in Table 2 , where the estimates are separately obtained for each of the marital cohorts: 1700-1799, 1800-1849, and 1850-1899. Comparison of the coefficients across these cohorts reveals several regularities. First, the effect of the death of an infant or a child one or two years of age on the probability of the next conception decreases from the oldest to the youngest cohort but remains significant. Second, the effect of the death of a child older than two years of age on the probability of the next conception generally increases across the cohorts, suggesting that the replacement effect associated with child mortality becomes more pronounced over time. These results are consistent with previous findings on family limitation during the demographic transition. In addition, a cross-cohort comparison reveals that deliberate non-parity-specific birth control may have evolved gradually before the demographic transition took place. Turning to the estimates on the other control variables, we make several observations. First, the risk of another birth decreases with maternal age, which is consistent with the expectation that women who are nearing the end of their reproductive years have longer birth intervals. Second, larger family size is associated with a lower probability of the next conception, except in the last cohort where a larger family size increases this probability. This finding is consistent with the general pace of demographic transition, which is associated with the inter-birth intervals becoming shorter and women bearing all their children at a younger age. Third, multiple births decrease the risk of having another child in all cohorts, but the effect loses its magnitude significantly between the second and the third cohorts. This finding implies that women become less sensitive to the 'shock' of having extra children as they come closer to their target number of children (if such a target existed). The time pattern of these effects is contrary to the expectation that, over the course of the demographic transition, women should have become more sensitive to the total number of children born. However, other factors such as maternal morbidity and mortality could be at play here. Finally, families in the latest cohort in which the husbands havewhite-collar occupations have significantly lower risk (relative to that of farmers) of another birth, while families in the earliest and latest cohort in which the husbands are unskilled workers have significantly lower risk (relative to that of farmers) of another birth. Our second set of results considers the evolution of non-parity-specific birth control by examining the reaction to short-run fluctuations in rye prices. Before turning to the discussion of the estimates, we note the expected pattern of the relationship between the local and the aggregate price series (Appendix Table 1 ) plotted in Figures  1-3 . First, the correlation among the local prices is strong, but it quickly decreases with the distance between towns. Second, at around 60%-78%the correlation between the local and the aggregate series is not perfect. Because the rye price series are available only for harvest years 1765-1863, we divide this period into two sub-periods that roughly correspond to the first vs. the second and the third marital cohorts from Table 2 (i.e., 1765-1799 vs.1800-1863). Focusing on the estimates on the local rye prices in Table 3 , we do not find strong evidence that women in the marital cohort of 1765-1799 postponed their next conception following an increase in the rye prices. The estimate on the rye price, which is statistically significant only at the 5%level, implies a 12% reduction in the relative risk of conception following a 1% rise in price. By contrast, the 1800-1863 marital cohort shows a highly statistically significant and strong reaction in which a1% increase in the local rye price is associated with a 16% decrease in the relative risk of conception.
While the individual families are directly influenced by local prices, aggregate prices have an indirect effect on the families via their effect on the local prices. Using aggregate prices enables the identification of the causal effect of local prices on fertility, because the aggregate price changes are likely to have been caused by events outside of the household sector, rather than by the household's own decisions about fertility and labour supply. As an example, if a drought or a war in the north increases the price of rye there, the price of rye would rise in the south as well, as more rye would be shipped out of the south in response to the higher price in the north. This price change would influence families' fertility in the south, but for reasons that are independent of their fertility or labour supply decisions. In addition, families' expectations about future local prices may be affected by outside events related to aggregate prices. For example, a summer drought in the north would make families in the south expect the price of rye to rise because some of the local harvest might be shipped out to the north in the autumn.
Concerned with the possible endogeneity of the local prices 5 to the labour supply and the fertility behaviour of the married couples, in order to identify the causal effect on fertility we estimated two types of models that use variation in the aggregate prices of rye. First, we estimated a model in which we substituted the aggregate average rye price (excluding the local price) for the local rye price. This "reduced-form" model shows the effect of variation in the aggregate rye price that is directly passed onto families, including the part of the effect that works through the local rye prices. As the fourth column of Table 3 suggests, the aggregate rye price does not have a significant effect on the risk of conceptions before 1800. On the other hand, the eighth column of Table 3 suggests that the effect of the aggregate price after 1800 is highly significant, as it implies a 22% reduction in the relative risk of conception following a 1% rise in the price. This effect is much stronger than the effect of the local price for the later cohort, with the corresponding relative risk ratio increasing from 0.843 to 0.776. This finding implies that the reaction to price changes existed as early as the first half of the 19th century and that the magnitude of this reaction is biased and underestimated if one uses the local price. In addition, Table 3 , which compares the last thirty-five years of the 18th century (1765-1799) to the period just before the beginning of the demographic 5 One might argue that, because the prices were taken from the nearby towns and not from the smaller villages under study, these prices can be considered exogenous. However, there is a possibility that these prices are endogenous if changes in the labour supply in the villages under consideration have a significant influence on the labour supply in the nearby towns. On the other hand, aggregate price series, which exclude local prices, can be considered exogenous, as it is unlikely that the village-level labour supply has a significant influence on the labour supply and rye prices in the towns in the other parts of Germany. transition (1800-1863), demonstrates the same pattern of effects as in Table 2 : the replacement effect generally increases over time. Combined, these results suggest that people began to adjust their reproductive behaviour to socio-economic conditions before the start of the demographic transition; that is, reproductive control in Germany was internalized and adopted by individual agency much earlier than previously thought (Knodel 1988) .
In the second of the two models that use variation in the aggregate prices of rye, we directly use the values of the local rye price that are predicted by the aggregate price. This model shows the effect of changes in the local price that were produced by plausibly exogenous variation in the aggregate price precipitated by events outside the local household sector. As columns 5 and 9 in Table 3 suggest, the effect of the predicted local price on conceptions is insignificant in the pre-1800 period but is highly significant in the post-1800 period. In addition, the effect in column 9 of Table 3 is almost the same as the direct effect of the aggregate price in column 8, which implies that almost all of the variation contained in the aggregate prices is passed onto households through local prices.
In order to explore the possibility that the absence of behavioural response in the pre-1800 period could be due to small variations in prices in the pre-1800 period, we tabulated the variance of local price residuals in the pre-1800 and post-1800 periods. Appendix Table 2 suggests that price variation was smaller in the pre-1800 period than inthepost-1800 period, but not by much. In order to determine whether this difference in the price variation drove the difference in the effects between the two periods, we ran a sensitivity check. We restricted the periods of estimation to the sub-periods when the price variance was the same before and after 1800: 1779-1799 and 1817-1863. Reestimating the model for these two sub-periods obtained the same pattern of results as in Table 3 : the effect of rye price on birth probability in the pre-1800 period (1779-1799) is small and statistically insignificant, while the effect in the post-1800 period (1817-1863) is large and highly statistically significant (Appendix Table 3 ). Note: Estimates represent relative risk (exponentiated coefficients) with standard errors in parentheses. Predicted local price refers to linear prediction from OLS regression of local price on the aggregate price (excluding the local area price) and all other covariates used in the second-stage regression. Significance levels: * p<0.10 ** p<0.05 *** p<0.01.
If higher expected rye price made some of the husbands in our sample migrate in search of seasonal work, we could not attribute the estimated effect of rye prices on fertility to deliberate fertility control. Therefore, we performed a robustness check that relies on the observation that mainly the poorest occupational classes were likely to migrate in search of seasonal work (Hochstadt 1983) . In particular, we estimated the effect of rye prices on conceptions for two groups of occupational categories: 1) farmers, white-collar workers, and skilled workers and 2) unskilled workers and workers with missing occupations. The difference in estimates between these two groups would indicate that seasonal migration among the poor occupational classes could be driving the difference. Comparison of the coefficients on rye prices between Appendix Tables 4A and 4B in the post-1800 period suggests that higher levels of temporary migration among families with lower-skilled husbands could amplify the negative coefficient on rye prices among these families over that of families with higher-skilled husbands. However, significant negative coefficients on rye price among families with higher-skilled husbands in the post-1800 period suggest that a behavioural response to high rye prices was still present.
In order to further address the possibility that migration biased our estimates of deliberate reaction to fluctuations in rye prices, we re-estimated the models using the sub-sample without the couples from Middels and Werdum, the two north-western villages that were most likely to have been affected by the seasonal migration to Holland. The estimates in Appendix Table 4C show that eliminating the influence of observations from these two villages does not change the coefficients in a significant way, suggesting that no significant bias is due to the seasonal migration.
Discussion
Several studies have established the existence of both deliberate spacing of births (e.g., David and Sanderson 1986; Crafts 1989; Haines 1989; Bean, Mineau, and Anderton 1990; Morgan 1991; Szreter1996; Van Bavel 2004a; Alter et al. 2007 ) and fertility response to changing socio-economic conditions (e.g., Schultz 1985; Brown and Guinnane 2002; Dribe and Scalone 2010) , even in populations viewed as "natural fertility" populations. While this literature has established the existence of deliberate non-parity-specific fertility control in pre-transitional populations, less focus has been given to the timing of its onset. In addition the response of fertility to economic stress (local grain prices) has been studied (Bengtsson and Dribe2006; Dribe and Scalone 2010) . However, it has been argued in the economics literature that local prices and wages might be endogenous to fertility because they reflect the local labour supply, which is a function of fertility (Schultz 1985) . This paper contributes to the literature on deliberate birth control in historic populations by addressing the emergence and evolution of non-parity-specific birth control before the first demographic transition in Germany and by using plausibly exogenous measures of short-term economic stress.
The paper adopts a micro-level event history approach to study the deliberate response to the survival status of previous children and short-term economic stress. The goal of the paper is to measure the pace of deliberate fertility regulation prior to the first demographic transition (FDT), as reflected in the varying degrees of these responses over time. We accomplish this goal by comparing the effect of child mortality and the effect of the price of rye on non-parity-specific birth control for the second and higherorder births among several marriage cohorts (1700-1799, 1800-1849, 1850-1900) after controlling for important demographic and socio-economic variables. In order to establish the causal effect of short-term economic stress on fertility we use variation in the local price of rye, as predicted by the price variation in non-local rye markets.
Using indicators for the survival status of the previous children, we establish that the behavioural (replacement and insurance) effect gradually increased in magnitude between 1700 and 1900. In addition, we find a strong reaction to fluctuations in rye prices only after 1800, which suggests that families started responding to short-term economic stress gradually. All this evidence leads to the conclusion that any non-parityspecific birth control that existed before the demographic transition was itself evolving over the years and emphasizes the importance of seeing the demographic transition as a gradual evolution of methods of deliberate fertility control, even if some of the methods did not lead to a dramatic reduction in the number of children.
The findings in this paper underscore that the concept of "natural fertility" remains problematic in its uncritical application to the description of pre-transitional fertility. At the dawn of the FDT in Germany individual controls of reproduction were at play, as indicated by the empirical evidence of delaying childbearing in times of economic hardship. The increasing child-replacement effect we detect over time also confirms that societal regulation of fertility was mixed with individual-level reproductive strategies that families deliberately practised in the times immediately preceding the FDT. These findings also point to the debate on the analytical sustainability of the concept of demographic transition: in the classic literature this concept has been defined as a shift from societal-level to individual-level regulation of fertility (Notestein 1945; Chesnais 1986; Mason 1997: 443-454 ), but our empirical findings confirm that this definition does not fully correspond to the actual development of behavioural changes in pre-transition Germany. Furthermore, our findings shed light on the debate concerning whether the decline in fertility during the demographic transition was an innovation process, an adjustment process, or a combination of both. According to Carlsson (1966) , fertility transition in historic populations can progress in two ways: as a process of adjustment in couples' reproductive behaviours in response to a changing environment, and as a diffusion of innovative behaviour (i.e., diffusion of parityspecific birth control). Innovative reproductive behaviour, which spreads from a specific social group to the rest of the population, could originate from new knowledge (e.g., about contraception), or it could be supported by increasing social acceptability in the population. Both approaches have been criticized in the literature (e.g., Brown and Guinnane, 2002) , while Lesthaeghe and Neels (2002) argued that the diffusion and adaptation processes are not mutually exclusive. We claim that the two should have co-existed, that any innovative behaviour (related to using parity-specific birth control) should have co-existed with considerable non-parity-specific control of fertility in response to changing socio-economic circumstances. The existence of considerable deliberate marital fertility control in response to socio-economic conditions before the FDT stresses the importance of the adjustment theory, which regards the decline in fertility as an adjustment to a new set of forces. Therefore, the foundations of demographic transition theory should be re-evaluated in light of new findings based on individual-level empirical analyses that estimate the changes in individual reproductive behaviours in historic populations more precisely than before. http://www.demographic-research.org The issue of estimating fertility response to the fluctuations in the local grain price can be formally described by specifying the system of labour demand and labour supply equations and their relationship to the fertility equation. Labour demand is a function of local grain prices ; other observed determinants, such as prices of alternative agricultural inputs and outputs and natural resource endowments, all aggregated in a vector, ; the aggregate grain prices ; and a modelling and measurement error :
. , where is fertility determinants other than grain prices, such as local breastfeeding practices and child mortality, and the error encompasses omitted factors like culturally mediated tastes and expectation of future prices.
The statistical problem with estimating the fertility equation directly is that its error will be correlated with the error in the labour supply equation-probably negatively-that is, 0 ) ( < s f e e E . This problem occurs because, when the omitted factors in e drive up labour supply, the time available for childbearing and childrearing automatically decreases. If these same omitted factors are related in some way to the local price of grain, , the direct estimation of the fertility equation will render the coefficients on the grain prices biased and inconsistent. The model also includes all of the covariates listed in Table 3 . Estimates represent relative risk (exponentiated coefficients) with standard errors in parentheses. Predicted local price refers to linear prediction from OLS regression of local price on the aggregate price (excluding the local area price) and all other covariates used in the second-stage regression. Significance levels: * p<0.10 ** p<0.05 *** p<0.01. Tables 4A-C: The models also include all of the covariates listed in Table 3 . Estimates represent relative risk (exponentiated coefficients) with standard errors in parentheses. Predicted local price refers to linear prediction from OLS regression of local price on the aggregate price (excluding the local area price) and all other covariates used in the secondstage regression. Significance levels: * p<0.10 ** p<0.05 *** p<0.01.
